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SEGMENTED STATOR ASSEMBLY 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH AND DEVELOPMENT 

This invention was made with Government support under 
contract number DE-FC26-07NT43122 awarded by U.S. 
Department of Energy. The Government has certain rights in 
the invention. 

BACKGROUND 

Electric machines such as IPM motors or generators have 
been widely used in a variety of applications including air 
craft, automobiles and industrial usage. IPM machines are 
currently being developed for use in hybrid automotive appli 
cations. A demand for lightweight and high power density 
IPM machines has resulted in the design of higher speed 
motors and generators to maximize the power to weight 
ratios. Hence, the trend is increasing acceptance of IPM 
machines offering high machine speed, high power density, 
and reduced mass and cost. 

Conventional electric machines (e.g., motors and genera 
tors) include a stator assembly that includes a laminated Steel 
section known as yoke or back iron having the primary pur 
pose of carrying the electromagnetic flux, but also providing 
structural rigidity to resist electromagnetic forces. The yoke 
section includes radial sections, known as stator teeth. The 
stator teeth sometimes include flared tooth tips. This flared 
shape allows channeling of the flux appropriately and 
improves the machine electromagnetic performance. How 
ever, at the same time the flared tooth tips also impair the 
ability to wind a coil around the tooth. As a consequence, 
segmented Stator structures have been developed to provide 
for a greater fill factor for the windings. Segmented Stator 
structures typically involve segmenting the yoke section to 
enable greater access to the stator teeth to increase the slot 
copper fill factor. While the segmented stator structures 
enable greater fill factors, they are difficult to manufacture 
and have reduced performance due to flux leakage where the 
segmented portions are joined. In addition, segmenting the 
yoke section results in reduced structural integrity of the 
stator assembly 

For these and other reasons, there is a need for the present 
invention. 

SUMMARY 

An electric machine and stator assembly are provided that 
include a continuous stator portion having stator teeth, and a 
tooth tip portion including tooth tips corresponding to the 
stator teeth of the continuous stator portion, respectively. The 
tooth tip portion is mounted onto the continuous stator por 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The nature and various additional features of the invention 
will appear more fully upon consideration of the illustrative 
embodiments of the invention which are schematically set 
forth in the figures. Like reference numerals represent corre 
sponding parts. 

FIG. 1 illustrates a cross-sectional view of an electric 
machine; 

FIG. 2 illustrates a cross-sectional view of a stator assem 
bly according to an exemplary embodiment of the present 
invention; 
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2 
FIG. 3 illustrates a cross-sectional view of a stator assem 

bly according to another exemplary embodiment of the 
present invention; and 

FIG. 4 illustrates a cross-sectional view a stator assembly 
according to another exemplary embodiment. 

DETAILED DESCRIPTION 

Embodiments of the present invention will be explained in 
further detail by making reference to the accompanying draw 
ings, which do not limit the scope of the invention in any way. 

FIG. 1 illustrates a cross-sectional view of an electric 
machine 10 Such as an electric motor or generator, for 
example. The machine 10 includes a rotor assembly 12 that is 
configured to rotate about alongitudinal axis 14. The machine 
10 further includes a stator assembly 18 including a yoke or 
back iron 20 and stator teeth 22. The stator teeth 22 each 
include a tooth tip 24. The stator assembly 18 includes mul 
tiple stator slots 26 for concentrated windings 28, where the 
coil is wound around a stator tooth 22. The stator assembly 18 
generates a magnetic field and extends along the longitudinal 
axis 14. 

Embodiments of the invention provide for segmenting the 
stator tooth tips from the stator teeth, as shown by the dotted 
line 29 in FIG. 1. Segmenting the tooth tips from the stator 
teeth allows for a higher packing factor for the concentrated 
windings without sacrificing rigidity of the yoke or back iron. 
The tooth tips are mounted onto the stator teeth following 
winding of the coils. The tooth tips shown in the exemplary 
embodiments of the invention discussed herein show flared 
tooth tips, which are desirable for increasing machine power 
density. However, the tooth tips can have any shape or size 
Suitable to the application. 

FIG. 2 shows a cross-sectional view of a stator assembly 
according to an exemplary embodiment of the invention. The 
assembly 30 includes a continuous yoke 32 with multiple 
stator teeth 34 arranged circumferentially forming a cavity 
36. The stator teeth.34 form slots 38 in which the concentrated 
windings are housed. In this embodiment, the tooth tips 40 are 
segmented from the teeth 34. Each tooth tip 40 is mounted to 
the associated tooth.34 after the coil is wound. In one embodi 
ment, the concentrated windings 28 include copper coils. The 
tooth tips 40 can be attached to the teeth 34 mechanically by 
providing V' shaped grooves or a dovetail joint, in the tooth 
tips 40, by using glue or epoxy, or by any other Suitable 
mounting means. 

In the exemplary embodiment shown, the stator assembly 
30 includes multiple segmented tooth tip portions 42. Each 
segmented tooth tip portion 42 includes three tooth tips 40. 
However, the invention is not limited in this regard. The 
segmented tooth tip portions 42 can include any number of 
tooth tips 40. The tooth tips 40 in each of the segmented tooth 
tip portions 42 are coupled together by a bridge portion 44. 
The segmented tooth tip portions 42 are mounted to the stator 
teeth 34 following winding of the coils. The segmented tooth 
tip portions 42 are mounted to the stator teeth 34 by any 
Suitable means. Each segmented tooth tip portion 42 can be 
formed as a single continuous structure including the tooth 
tips 40 and the bridge portions 44. In the embodiment shown, 
the bridge portions 44 have a thickness that is less than the 
thickness of the tooth tips 40. However, the tooth tips 40 and 
bridgeportions 44 can be of any suitable shape, thickness, and 
size. In the exemplary embodiment shown, the segmented 
tooth tip portions 42 are separated from each other by an air 
gap. However, the segmented tooth tip portions 42 can be 
coupled together by a bridge structure (not shown) by any 
Suitable means Such as adhesive, male and female connectors, 
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etc. The bridge structure can be formed of a non-magnetic 
material, a bi-state material, a soft magnetic composite, or 
any other Suitable material. 

According to one embodiment of the invention, the seg 
mented tooth tip portions 42 are formed from silicon steel 
laminations, which could be either glued or mechanically 
fastened into a single integral piece. According to another 
embodiment of the invention, the segmented tooth tip por 
tions 42 are formed from a bi-state material. The bridge 
portions 44 are heat treated so that the bridge portions 44 
become non-magnetic. In another exemplary embodiment, 
the segmented tooth tip portions 42 are formed of a soft 
magnetic composite material and formed into the desired 
shape. The segmented tooth tip portions 42 can be formed 
from any material having the desired characteristics for stator 
application. As shown in FIG. 2, the segmented tooth tip 
portions 42 are separated by an air gap. However, according to 
another embodiment (not shown) the segmented tooth tip 
portions 42 are joined together by a wedge or bridge structure. 
The bridge structure is formed from a non-magnetic material, 
a bi-state material, or any other Suitable material. 

FIG. 3 shows a cross-sectional view of a stator assembly 
according to yet another embodiment of the invention. In this 
embodiment, all of the tooth tips 40 are combined into a 
single piece or structure 46. The single, continuous structure 
46 can be formed from multiple materials or from one mate 
rial. The structure 46 can beformed as one piece or integrated 
segments. The tooth tips 40 of the structure 46 are arranged 
opposite the stator teeth 34, and the portions coupling the 
tooth tips together are bridge portions 48. 

In one embodiment, the bridgeportions 48 are formed from 
non-magnetic material such as a glass fiber epoxy composite, 
or a plain epoxy with laminations embedded in the epoxy to 
serve as tooth tips 40. In another embodiment, a bi-state 
magnetic material is used to form the single structure 46. In 
this embodiment, the regions representing the slot openings 
or bridges 48 are heat-treated to become non-magnetic. Addi 
tionally, the single structure 48 can be formed from a soft 
magnetic composite material, or any other Suitable material. 
The single, continuous structure 46 is mounted to the stator 
teeth 34 after the coils are wound. A nominal radial interfer 
ence between the outer Surface of this single structure, 46, and 
the inner surface of the stator teeth.34 could be utilized to hold 
the structure in place. Additional ‘V’ grooves on the outer 
surface of the tooth tips 40 can be utilized to orient and lock 
this structure relative to the stator. As noted above, any suit 
able mounting means can be used. 
A cross-sectional view of stator assembly according to 

another embodiment of the invention is shown in FIG. 4. The 
assembly 30 includes the yoke 32 and stator teeth 50. Each of 
the stator teeth 50 includes notches or recess portions 50a, 
50b at an end opposite the yoke 32. The recess portions 50a 
and 50b on either side of each stator tooth 50 receives a flare 
portion 52. The flare portions 52 are secured to the stator teeth 
50 following winding of the coils. The flare portions 52 allow 
channeling of the flux and improve the electromagnetic per 
formance of the assembly. In one embodiment, the flare por 
tions 52 are formed of the same material as the stator teeth 50, 
Such as a bi-state material or a soft magnetic composite, for 
example. However, the flare portions 52 can be formed from 
any material suitable for the desired flux flow and electro 
magnetic performance. The tooth tip portions, including the 
recess portions 50a, 50b and the flare portions 50, are sepa 
rated by an air gap 54. 

In another embodiment, the recess portions 50a and 50b 
receive bridge portions 54 that couple the stator teeth 50 
together to form a closed loop structure, as shown in FIG. 4. 
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4 
According to one embodiment, the bridge portions 54 are 
made from a bi-state material. Any other material suitable for 
flux channeling and electromagnetic performance can be 
used. 

In the embodiments disclosed herein, a stator assembly 
includes various arrangements for separating the tooth tip 
portion or portions from the stator teeth of a stator assembly 
to provide for increased accessibility to a stator-slot area 
allowing a higher number of concentrated windings around 
the stator teeth. The tooth tip portion or portions is then 
secured to the stator teeth. This arrangement provides for 
improved power density of the IPM machine in which the 
stator assembly is used without sacrificing the mechanical 
integrity of the stator assembly. 
The electric machines discussed herein may be well suited 

for hybrid applications. However, such machines may be 
employed in a variety of other applications. One of them 
includes aviation applications. Such as in aircraft engines. The 
machines can also be used for other non-limiting examples 
Such as traction applications, wind and gas turbines, starter 
generators for aerospace applications, industrial applications 
and appliances, for example. 

While the invention has been described in terms of various 
specific embodiments, those skilled in the art will recognize 
that the invention can be practiced with modification within 
the spirit and scope of the claims. 
What is claimed is: 
1. A stator assembly, comprising: 
a continuous stator portion having a plurality of Stator 

teeth; 
a tooth tip portion comprising a plurality of tooth tips 

radially opposed to corresponding stator teeth of the 
continuous stator portion, respectively, wherein the 
tooth tip portion is mounted onto the continuous stator 
portion to join the tooth tips to the radially opposed 
corresponding stator teeth; 

wherein the tooth tip portion comprises a continuous tooth 
tip structure formed from a single, continuous material; 
and 

wherein the continuous tooth tip structure is formed from a 
bi-state material, wherein bridge portions arranged 
between the tooth tips are non-magnetic following a heat 
treatment. 

2. The stator assembly of claim 1, wherein the tooth tip 
portion is mounted onto the continuous stator portion by one 
of an adhesive, mechanical fastening, interference fit, or 
dovetails. 

3. A stator assembly, comprising: 
a continuous stator portion having a plurality of Stator 

teeth; 
a tooth tip portion comprising a plurality of tooth tips 

radially opposed to corresponding stator teeth of the 
continuous stator portion, respectively, wherein the 
tooth tip portion is mounted onto the continuous stator 
portion to join the tooth tips to the radially opposed 
corresponding stator teeth; 

wherein the tooth tip portion is segmented into tooth tip 
segments each comprising two or more tooth tips, 
wherein the tooth tip segments are mounted onto the 
continuous stator portion. 

4. The stator assembly of claim 3, wherein the tooth tip 
segments comprise bridge portions disposed between the 
tooth tips. 

5. The stator assembly of claim 4, wherein the tooth tip 
segments and the bridge portions are formed from a bi-state 
material, wherein the bridge portions are non-magnetic fol 
lowing a heat treatment. 
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6. The stator assembly of claim 4, wherein the tooth tip 
segments and the bridge portions are formed from a soft 
magnetic composite material. 

7. The stator assembly of claim 4, wherein the tooth tip 
portion further comprises bridge structures coupling adjacent 
tooth tip segments together. 

8. The stator assembly of claim 7, wherein the bridge 
structures are formed from a non-magnetic material. 

9. The stator assembly of claim 7, wherein the bridge 
structures are formed from a bi-state material. 

10. An electric machine, comprising: 
a stator assembly comprising: 

a continuous stator portion having a plurality of stator 
teeth; and 

a tooth tip portion comprising a plurality of tooth tips 
radially opposed to corresponding stator teeth of the 
continuous stator portion, respectively, wherein the 
toothtipportion is mounted onto the continuous stator 
portion to join the tooth tips to the radially opposed 
corresponding stator teeth; 

wherein the tooth tip portion comprises a continuous 
tooth tip structure formed from a single, continuous 
material; 

wherein the continuous tooth tip structure comprises the 
tooth tips and bridge portions disposed between the 
tooth tips, and wherein the continuous tooth tip struc 
ture is formed from a bi-state material, wherein the 
bridge portions are non-magnetic following a heat 
treatment. 

11. The electric machine of claim 10, wherein the tooth tip 
portion is mounted onto the continuous stator portion by one 
of an adhesive, mechanical fastening, interference fit, or 
dovetails. 
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12. An electric machine, comprising: 
a stator assembly comprising: 

a continuous stator portion having a plurality of stator 
teeth; and 

a tooth tip portion comprising a plurality of tooth tips 
radially opposed to corresponding stator teeth of the 
continuous stator portion, respectively, wherein the 
tooth tipportion is mounted onto the continuous stator 
portion to join the tooth tips to the radially opposed 
corresponding stator teeth; 

wherein the tooth tip portion is segmented into tooth tip 
segments each comprising two or more tooth tips, 
wherein the tooth tip segments are mounted onto the 
continuous stator portion. 

13. The electric machine of claim 12, wherein the tooth tip 
segments comprise bridge portions disposed between the 
tooth tips. 

14. The electric machine of claim 13, wherein the tooth tip 
segments and the bridge portions are formed from a bi-state 
material, wherein the bridge portions are non-magnetic fol 
lowing a heat treatment. 

15. The electric machine of claim 13, wherein the tooth tip 
segments and the bridge portions are formed from a soft 
magnetic composite material. 

16. The electric machine of claim 13, wherein the tooth tip 
portion further comprises bridge structures coupling adjacent 
tooth tip segments together. 

17. The electric machine of claim 16, wherein the bridge 
structures are formed from a non-magnetic material. 


